The dune field near the Grand Falls, Arizona.
In the Reference 15, the dune field near the Grand Falls has been discussed. The researchers used archival imagery and plotted the migration of the dune field from 1953 to 2010. The dominant wind direction has been from the southwest throughout the time period studied. They concluded that these dunes are migrating at a rapid rate, more than 100 m in just 5 years. Using Google Earth, after choosing the location of the Grand Falls, we have at our disposal the satellite images corresponding to years 1992, 2007, 2010 and 2012. To evaluate the speed of the dunes, in particular of the front of the field, we have to determine it in the image. For this reason, the image is processed using GIMP (the GNU Image Manipulation Program) [18] , applying the filter for the edge detection with the Sobel method. In the following figure (Figure 1) , we see the dune field of 2007 on the left, and on the right the image after the edge detection. With Paint software, the front of the field is marked. The same is repeated for the four images. In the Figure 2 , we see the superposition, made by GIMP, of the four filtered image corresponding to four different years. The speed of the front is, in some parts of it, in agreement with the speed given in Reference 15.
Peruvian barchans.
The dunes can have several shapes, according to the quantity of sand, the surface on which the sand moves and the blowing of the winds. These ridged hills have a windward side and a slip side in the lee of wind. When the ridge is arc-shaped, the dune is a "barchan". The barchan possesses then two "horns". We can observe isolated dunes or dune fields, where these dunes coalesced. The coastal area of Peru is rich of dune fields and of isolated barchans. In Ref. 17 , I studied the dunes that fifty years ago S. Parker Gay Jr., who at that time was a geophysicist on the exploration staff of Marcona Mining, studied. The Marcona mine is an huge open-pit iron mine, on the Pacific coast of Peru, 400 km southeast of Lima. In that period, a problem for this mining activity was the movement of large barchan sand dunes across the road that connected the mine with the shipping port of San Juan [17, 19] . In [17] After enhancing each image, sometimes it is better a conversion in grey tones; then combined together, we can obtain maps such as that of Figure 4 . Using the scale we can measure the motion. Another interesting example of barchans and related motions can be obtained using the images at coordinates 15°06'48.03''S, 75°14'03.20''W. After processing, the result is shown in the Figure 5 . In the Figure 5 we can see that when a dune is small, it moves faster. In fact, the velocity of the dune depends on its height [20] . In In this period of 6.4 years, the small dunes moved of about 180 meters. The larger dune moved of about 70 meters. 
Analysis of a single dune and movies
In the field of the dunes of Figure 6 , we can isolate one of the dune and analyze how its shape is changing during several years, for instance by the superposition of two images recorded at different times (see Figure 7) . When we have several images in the time series we can even prepare a movie of the dune moving on the land. In fact, since, usually, there is a slight shift of the coordinates in the images of the series, one must be careful in preparing the movie, choosing the same reference point for all the images and adjust them correspondingly. For instance, in the Figure 7 , I added two small black dots on the images to have the correct superposition. An example of a movie is than given at http://staff.polito.it/amelia.sparavigna/DUNE/ .
To have a qualitative analysis of a single dune, or of a group of dunes, the use of a grid on the images could be interesting. For instance, if we would like to prepare a plot of the migration rate, that is the speed of each dunes with respect to its size, it would be necessary to measure distances and sizes. The distance travelled by the dune can be easily evaluated with the scales provided by Google. Let us define the "size" as the surface covered by the base of the dune. We can measure it using the grid of GIMP, as in the following example. In the Figure 8 we see two moving dunes. One is smaller and then moves faster. The figure is obtained combining three satellite images. Figure 8 For the size, defined as previously like the surface occupied by the dune base, we can have a rough estimate using a grid, for instance like in the Figure 9 , and counting the cells occupied by the dunes. Figure 9 Of course, this is a simple approach that can be improved by some image processing method, based on thresholding for instance.
Dune interaction
Field evidence shows that two dunes can pass through one another, preserving their shape, having therefore a solitonic behavior [20] . Then the phenomenon of the dune interaction is quite rich and deserves the study of all available data. The collision of the dunes can be easily studied is the Google Earth too. Here in the following Figure 10 and 11 there are two examples of interactions, where we can see a collision, a smaller dune passing through a large one, and a fragmentation. In this paper we have started a discussion on how some data can obtained from the time series of Google Earth. It is clear that the speed of the dunes can be easily measured. Moreover, we can find several examples of the interaction of dunes. In particular the field of the dunes of Figure 10 and 11 is under investigation to find other examples of collisions.
